INTRODUCTION
Excessive use of commercial antibiotics has caused increasing resistance of pathogenic microorganisms to existing drugs. Therefore, there is a growing interest in finding new, natural antimycotic agents, with novel mechanism of action (H e m a i s w a r y a et al. The objective of this work was to investigate the antimicrobial activity of commercial EOs derived from Foeniculum vulgare, Carum carvi and Eucalyptus sp. against three CA strains of different origin (laboratory, human pulmonary and referent strain ATCC10231).
MATERIALS AND METHODS

Essential Oils:
Analyzed EOs of F. vulgare (fEO), C. carvi (cEO) and Eucalyptus sp. (eEO) were produced by Ireks aroma Ltd. Zagreb, Croatia. According to the manufacturer, these oils are 100% natural, with all necessary documentation (MADS -Material safety data sheet) and manufacturer specification (http:// www.ireks-aroma.hr/xist4c/web/hrvatski_id_1588_.htm).
Analyzed strains and Inoculum Preparation: Laboratory (CA L ) and referent ATCC10231 (CA R ) strains were obtained from the Culture Collection of Department of Biology and Ecology, University of Novi Sad, Serbia. The human pulmonary strain (CA H ) was obtained from the Institute of Public Health of Vojvodina, Novi Sad, Serbia.
All three strains were cultivated on Malt agar (Torlak) at -30 ° C. For the preparation of suspension, 24h old colonies were suspended in sterile 0.85% NaCl. Turbidity was estimated using photoelectric photometer (COLORI-METER MA 9504. Metrix) and 0.5 McFarland standard. The number of cells in tested inoculum was checked by CFU (Colony-forming unit) method. It was determined that initial density of the inoculum was 1.5x10 6 CFU. Antifungal Assay: Investigated EOs were dissolved in Tween 80, for the purpose of making five initial working concentrations (5.00 mg/ml, 2.50 mg/ml, 1.25 mg/ml, 0.63 mg/ml, 0.31 mg/ml). Nystatine (Hemofarm, Vršac) (0.30 mg/ml, 0.25 mg/ml, 0.20 mg/ml) and commercial Fluconazole solution (Hemofarm, Vršac) (2 mg/ml) were used as a positive control, while 0.1% Tween 80 was used as a negative control. Tests were carried out in triplicate.
Disc-diffusion method-100µl of CA inoculum was spread evenly on the surface of Malt agar plates (d=90.0 mm). Under aseptic conditions, sterile discs (Whatman, d=5.0 mm) were placed in the center of each Petri-plate. Discs were impregnated with 15.0 µl of each essential oil (EO) in 5 analyzed concentrations. The plates were incubated at 30°C for 48h.
Well-diffusion method-In the center of each Malt agar Petri-plate (d= 90.0 mm), the wells of 6.0 mm diameter were made. Each well was filled with 25.0 µl of EO, using previously mentioned working concentrations. The plates were left for 2h at room temperature to allow the diffusion of the oil, and than 100 µl of CA suspension was spread over the plates. The plates were incubated at 30°C for 48h.
Antimicrobial activity was evaluated by measuring the inhibition zone in mm (including diameter of disc/well) against the tested strains.
Microdilution method-This method was performed in order to determine the minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC). The experiment was conducted using 96/well microtiter plates (Spektar, Čačak, Serbia), with each well containing 200 µl of Malt Broth (Torlak), 2 µl of CA inoculum (1.5x10 4 final concentration in well) and 20 µl of EO. Final concentrations of tested oils in wells (mg/ml) were: 0.45, 0.23, 0.11, 0.06 and 0.03. MIC was determined as the lowest concentration of EO at which CA strains showed no visible growth. To determine MFC, 100 µl from each well was taken and inoculated on Malt agar Petri-plate. Plates were incubated at 30° for 48h. The results were recorded through number of yeast colonies.
Statistical analysis-conventional statistical methods were used in order to determine means and standard deviations (Microsoft Excel XP). Statistical analysis of results obtained in agar diffusion methods was performed using one way ANOVA (Statistica 10). Probability value at P≤0.05 was considered statistically significant (Duncan's test).
RESULTS AND DISCUSSION
The antifungal effect of tested EOs varied in accordance with the oil concentration and investigated CA strain. The results obtained using discdiffusion technique ( Table 1 .) indicated that, among the examined EOs, fEO had the strongest antifungal activity regarding CA L and CA R , with inhibition zone ranging from 90.00-13.67mm for CA L , and from 17.5-8.5mm for CA R , depending on the oil concentration used. At the concentration of 5mg/ml cEO presented the strongest antifungal activity against CA H (14.50mm), but, unlike fEO, this oil was ineffective at a concentration of 2.50mg/ml against this particular strain.
The results obtained by well diffusion method (Table 2) indicated that cEO showed the highest antifungal activity against all three yeast strains, particularly CA L , which was affected by C. carvi even at a concentration of 0.06 mg/ml (14.83mm inhibition zone). In both agar diffusion methods, eEo exhibited the lowest antifungal activity against all three tested strains. It can be noticed that in both disc and well diffusion methods, CA L was the most susceptible, while CA R exhibited the strongest resistance towards all three examined oils. According to D o b r e et al., agar-diffusion method is marked as prescreening procedure in the determination of EOs antimicrobial properties. However, agar-diffusion methods are limited, primarily due to different diffusion capacity of diverse EOs, which depend on oil chemical structure (H a m m e r et al.,1999). As it can be noticed from the results obtained (Table 1 , 2), EOs had higher activity in screening by well-diffusion assay, comparing to disc-diffusion assay. Better sensibility of well-diffusion technique in comparison to the disc variant has been mentioned by many authors. This can be explained by the fact that, in well-diffusion method, EOs are in direct contact with agar, which facilitates the diffusion of oil. On the other hand, cellulose disc absorbs certain portion of oil, thus lowering the oil diffusion ability through the agar (V a l g a s et al., 2007). The results obtained by applying the microdilution method (Table 3) showed that fEO and cEO were found more effective comparing to eEO, which exhibited lower antifungal effect towards all three CA strains (MIC 0.11mg/ml for CA L , and 0.45mg/ml for both CA H and CA R ). Investigated cEO demonstrated the strongest antifungal effect on all tested strains, showing the lowest MIC values (0.03mg/ml for CA L , 0.06mg/ml for CA H , and 0.11mg/ml for CA R , respectively). Tested fEO showed stronger activity against CA R (0.23mg/ml), in comparison to the results of M a r t i n s et al. (2012), obtained by broth macro-dilution method, reaching the MIC at concentration higher than 1mg/ml. According to literature data, the major component of fEO is anethole (S h a h a t et al., 2011; M a r t i n s et al., 2012), while cEO consists predominantly of carvone and limonene (M e s h k a t a l s a d a t et al., 2012). These components were proven to be highly effective against CA (E r d o g a n et al., 2009). Within agar-diffusion and microdilution methods, anti-mycotic Nystatine showed stronger impact than EOs to all three CA strains (Table  1 -3), while Fluconazole did not exhibit any activity against analyzed strains, even at the highest concentration applied (2mg/ml). According to D e v k k a t e et al. (2005), Fluconazole only partially inhibited CA, but total inhibition could not be reached.
CONCLUSION
From the results gathered in the experiment, it can be concluded that fEO, cEO and eEO exhibited strain specific effect against CA, having the strongest effect to CA L , then to CA H and CA R , respectively. After this examination, more thorough work should be performed in order to describe in more detail the antifungal activities of tested EOs, especially of cEO, that demonstrated the strongest antifungal properties (MIC from 0.03mg/ml for CA L to 0.11mg/ml for CA R ). To obtain more comprehensive analysis of the tested EOs antifungal activity, it is important to perform phytochemical analysis in order to determine the active oil components, to expand the study to a larger range of Candida and other filamentous fungal strains, and to explore the oil activity in vivo.
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Као стандард употребљени су антимикотици нистатин и флуконазол. Активност етарских уља изражена је преко пречника инхибиторне зонe (mm), минималнe ин хибиторнe концентрацијe (MIC) и минималнe фунгициднe концентрацијe (MFC) (mg/ml). Добијени резултати показали су да етарска уља поседују анти-фунгалну активност на сва три тестирана изолата. Уочено је да свако етарско уље показује различит степен антифунгалне активности у односу на концентра-цију уља, као и у зависности од изолата C. albicans. Етарско уље врсте Carum carvi поседује најснажније антифунгално дејство, са најнижим MIC вредностима (0,03 mg/ml за CA L , 0,06 mg/ml за CA H и 0,11 mg/ml за CA R ). Eucalyptus sp. поседује најслабију антифунгалну активност, са MIC вредностима у распону од 0,11 mg/ml за CA L до 0,45 mg/ml за CA H и CA R . КЉУЧНЕ РЕЧИ: антифунгална активност, Candida albicans, Carum carvi, етарска уља, Eucalyptus sp., Foeniculum vulgare
